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Abstract
Muscle-invasive bladder cancer (MIBC) is associated with low survival and high recurrence rates even in cases in which
patients receive systemic treatments, such as surgery and chemotherapy. Here, we found that a naturally existing
alphavirus, namely, M1, selectively kills bladder cancer cells but not normal cells, findings supported by our
observations of changes in viral replication and MIBC and patient-derived MIBC cell apoptosis. Transcriptome analysis
revealed that interferon-stimulated genes (ISGs) are expressed at low levels in sensitive bladder cancer cells and high
levels in resistant cells. Knocking down ZC3HAV1 (ZAP), an antiviral factor in ISGs, restores M1 virus reactivity in
resistant cells, and overexpressing ZAP partially reverses M1 virus-induced decreases in cell viability in sensitive cells. In
orthotopic MIBC mice, tail vein injections of M1 significant inhibit tumor growth and prolong survival period,
antitumor effects of M1 are stronger than those of the first-line chemotherapy agent cisplatin (CDDP). Treated tumors
display enhanced cleaved-caspase-3 signals, which are representative of cell apoptosis, and decreased Ki-67 signals,
which are representative of cell proliferation. Moreover, tissue microarray (TMA) analyses of clinical tumor specimens
revealed that up to 45.6% of cases of MIBC presented with low ZAP expression, a finding that is prevalent in advanced
MIBC. Our results indicate that the oncolytic virus M1 is a novel agent capable of functioning as a precise and effective
therapy for MIBC.

Introduction
Bladder cancer is the most common malignancy of the

urinary system1, approximately one-quarter of bladder
cancers are muscle-invasive bladder cancers (MIBCs)2,
whose incidence and mortality are elevated in China3.
More than 90% of MIBCs are transitional cell carcino-
mas4. Radical cystectomy and cisplatin (cis-diamminedi-
chloridoplatinum (CDDP))-based chemotherapy remain
the standard first-line treatments for MIBC. Radical

cystectomy and urinary diversion facilitate total removal
of the primary tumor, however, affected patients must
subsequently endure multiple reconstructive surgeries,
and the 5-year survival rate among patients receiving these
treatments is only 40–60%5. Cisplatin-based chemother-
apy has been reported to yield a 6-year progression-free
survival rate of 3.7%6, however, this regimen is highly toxic
to patients and is even associated with a mortality rate of
approximately 4%7. Comprehensive assessments of the
benefits, risks, and side effects of cisplatin-based che-
motherapy indicate that this therapy is not appropriate for
part of post-surgery patients or patients with end-stage
disease8. Despite the efforts of clinicians and researchers
in past decades, survival among patients with MIBC has
not improved9–11. New approaches to the treatment of
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MIBC are being continuously investigated to facilitate the
development of treatments with superior efficacy and
lower toxicity.
Oncolytic viruses are genetically engineered or naturally

existing viruses that can selectively infect, replicate in, and
lyse cancer cells while exerting minimal harmful effects
on normal cells12. Because they have the capability to
target and kill tumors and induce antitumor immunity,
oncolytic virotherapies appear to be promising oncologic
therapeutic agents13–15. Our previous study showed for
the first time that alphavirus M1, a Getah-like viral strain
isolated in China16,17, is an oncolytic virus16,18. A safety
study showed that administering 18 separate intravenous
doses of M1 (1×109 plaque-forming unit (PFU) per dose)
to cynomolgus macaques induced no toxicity19. Such a
safe and potent oncolytic virus seems to be a good choice
as a treatment for patients with MIBC.
In this study, we sought to test the possible benefits of

M1 oncolytic therapy in MIBC. We confirmed that ZAP
protein plays an important role in determining the sensi-
tivity of MIBC cells to M1 and found that ZAP was
expressed at low levels in 45.6% of bladder cancer samples.
These data serve as basic evidence indicating that M1
oncolytic therapy may be useful for the treatment of MIBC.

Results
M1 selectively kills bladder cancer cells but not normal
cells
To assess the oncolytic efficacy of M1, we initially

detected the viability of eight bladder cancer cell lines
(T24, BIU87, UM-UC-3, SCaBER, 5637, RT-4, EJ, and
TCC). We found that M1 significantly decreased cell
viability to varying degrees in most of the cell lines
(Figs. 1a, d). We classified the cells into highly, moderately
lowly sensitive cells, and normal cells according to the
viability of the cells following M1 exposure (Fig. S1). To
test the basic safety of M1 oncolytic therapy, we measured
the effects of M1 on survival in the normal bladder cell
lines HBSMC and SV-HUC-1. As shown in Fig. 1a, the
multiplicity of infection (MOI)= 1 plaque-forming unit
per cell (pfu/cell) of M1 ranged from 0.001 to 100,
indicating that the virus had no harmful effects on normal
cells. Furthermore, we assessed the effects of M1 on
five cases of patient-derived bladder cancer. Consistent
with the above results, these results showed that M1
(MOI= 10) killed >50% of the patient-derived cells but
did not harm the HBSMCs (Figs. 1b, e).
We also compared the antitumor effects of M1 on two

bladder cancer cell lines (T24 and UM-UC-3) and a
normal cell line (SV-HUC-1) with those of conventional
chemotherapy drugs, we found that the cell viability was
lower after the treatment of M1 in bladder cancer T24
and UM-UC-3 cells, higher in normal bladder cell SV-
HUC-1 compared with cisplatin (Fig. 1c).

M1 induces apoptosis in bladder cancer cells
We next determined the type of cell death induced by

M1. Flow cytometry showed that the proportions of
apoptotic cells increased in a time-dependent manner
(Fig. 2a). At 48 and 72 h after M1 infection, the number of
cells undergoing apoptosis had significantly increased in
the corresponding group compared with the control
group (Fig. 2b). We confirmed that cell apoptosis had
occurred by performing Hoechst staining, which
demonstrated that chromatin condensation had occurred
in response to M1 treatment. Transmission electron
microscopy images found the size of endoplasmic reti-
culum was correlated with the sensitivity of cells to M1
virus (Fig. S2). We also observed that activated caspase-3
and cleaved-caspase-3 levels were increased at 48 h post-
treatment in the corresponding group compared with the
control group (Figs. 2c-e). These results indicated that
M1-induced apoptosis in sensitive bladder cancer cells.

M1 replicates rapidly after infecting sensitive cancer cells
but not resistant cancer cells
To determine the replicative state of M1, we established

an engineered M1 labeled with green fluorescence protein
(GFP). In the corresponding assay, high fluorescence
intensity was representative of high viral replication levels.
After 48 h of M1 infection, we detected strong GFP sig-
nals from the viruses in most of the sensitive cell
lines (T24 and UM-UC-3) and the primary patient-
derived bladder cancer cell line, indicating that M1 had
replicated in those cell lines (Figs. 3a, b). However, only a
limited number of signals were detected in refractory EJ
cells and normal cells (SV-HUC-1 and HBSMC) (Figs. 3a,
b). By measuring the viral yield over time, we found that
M1 replicated rapidly in sensitive cell lines but not in the
EJ and TCC cell lines (Fig. 3c), results consistent with
those of the above fluorescence and cell viability experi-
ments. Furthermore, we evaluated viral RNA and protein
expression levels after M1 infection. As shown in Figs. 3d,
e, viral RNA and protein significantly increased after
infection in the T24 and UM-UC-3 cell lines but not in
non-sensitive cells. Taken together, these findings indicate
that rapid M1 replication occurs in sensitive cells, a
phenomenon that is closely linked with M1-induced cell
apoptosis.

ZAP deficiency partly contributes to M1 viral replication in
sensitive cancer cells
We aimed to elucidate the mechanism underlying M1

viral replication in sensitive cells. Given that virus repli-
cation is closely related to cell apoptosis, it is logical to
conclude that antiviral immunity differs among cell lines,
leading to differences in the responses of cells to M1. To
test this hypothesis, we conducted transcriptome analysis
involving highly sensitive T24 cells, moderately sensitive
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UM-UC-3 cells and resistant EJ cells, and then analyzed
the expression levels of interferon (IFN)-stimulated genes
(ISGs), which are crucial antiviral effectors that act against
the viruses listed in the indicated public database (http://
interferome.its.monash.edu.au/interferome/; http://lerner.
ccf.org/labs/williams). We found that the ISG expression
pattern in EJ cells was different from those in T24 and
UM-UC-3 cells, as most ISGs were expressed at higher
levels in the former cell line than in the latter two cell
lines (Fig. 4b). These data strongly indicate that a weak
antiviral signal in sensitive cells is an indicator that the
cells are highly responsive to M1.
ZAP is an important gene that has previously been

shown to be linked to M1 sensitivity in hepatoma cells18.
Here, we evaluated whether ZAP also explains the sensi-
tivity of bladder cancer cells to M1. We first examined
ZAP expression levels in viable cell lines. We found that
both ZAP mRNA and ZAP protein expression levels were
correlated with the extent to which specific cell lines were
sensitive to M1(Figs. 4c, d).
To determine the role of ZAP in the sensitivity of

bladder cancer cells to M1 therapy, we conducted gain-

and loss-of-function assays. We found that knocking
down ZAP in EJ, TCC and normal cells (SV-HUC-1)
significantly elevated the viral yield and the killing efficacy
of M1(Fig. 4e and Fig. S3). Conversely, overexpressing
ZAP in T24 and UM-UC-3 cells attenuated M1 viral
replication and killing efficacy to a certain extent (Fig. 4f).
Collectively, these findings indicate that ZAP expression

levels are negatively correlated with the replication and
oncolytic effects of M1, suggesting that ZAP may be
useful as a biomarker with which the sensitivity of bladder
cancers to M1 therapy can be assessed in affected patients.
As ZAP is one of the antiviral protein, which suggests that
more ISGs may be involved in M1-induced immune
system activity.

M1 significantly represses orthotopic invasive bladder
tumors
To evaluate the antitumor effects of M1 in vivo, we used

UM-UC-3 cells to establish orthotopic bladder cancer
models in female BALB/c-nu/nu mice. We divided the
animals into three different groups (control, CDDP, and
M1 groups, seven mice in each group) (Fig. 5a). As shown

Fig. 1 Effect of M1 on bladder cancer cell viability. a Evaluations of the viability of several bladder tumor (T) and normal (N) cell lines were
performed by MTT assay after the cells were exposed to M1. Each color represents one cell line. b Five primary cultured bladder cancer tissue
specimens were isolated from a clinical bladder cancer tumor specimen, and the responsiveness of each specimen to M1 was assessed and
compared with that of a primary normal bladder tissue specimen (HBSMCs). c The bladder cancer cell lines T24 and UM-UC-3 and the normal cell line
SV-HUC-1 were treated with CDDP (10 μM) and M1 (MOI = 10 PFU per cell), and cell viability assay was performed at 48 h post-infection. d, e
Observation of the morphology of various bladder cells exposed to M1 (MOI = 10 PFU per cell) for 48 h. d Bladder cancer cells (T24, UM-UC-3, and EJ)
and normal cells (SV-HUC-1), e Primary cultured bladder cancer cells and normal cells (HBSMCs). ***p < 0.001; N.S., not significant
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in Fig. 5b, successful establishment of the orthotopic-
invasive bladder cancer model was confirmed by the
immunohistochemistry staining results and our observa-
tion of bladder enlargement. M1 therapy significantly
repressed UM-UC-3-derived orthotopic bladder tumor
growth compared with CDDP therapy. It is worth noting
that intravenous M1 administration did not affect the
weights of the mice bearing tumors (Figs. 5c-e). Immu-
nohistochemistry demonstrated that the tumor slices in
M1 group displayed a significantly lower level of Ki-67, a
marker of cell proliferation, and higher level of cleaved-
caspase-3/7, a marker of cell apoptosis (Figs. 5f, g).
Moreover, mice received M1 showed a statistically sig-
nificant increase in overall survival (Figs. 5h, i). These
results are consistent with those of the in vitro study,
indicating that M1 is a potent intravenous drug.

Relationship between tumor grade and ZAP deficiency
Our data show that ZAP expression is negatively cor-

related with the responsiveness of bladder cancer to M1.
We sought to determine the exact proportion of bladder
cancer patients with low ZAP protein expression levels, 91
pairs of bladder cancer tissue specimens and tumor/
adjacent non-tumor tissue specimens were collected and
TMA was performed (Table 1). ZAP expression was cal-
culated in each tumor and adjacent non-neoplastic tissue
specimen (Fig. 6a). A tumor-to-non-neoplastic tissue
staining signal ratio <1 was indicative of low ZAP
expression, which we observed in 45.6% of specimens. We
also found that the incidence of low ZAP expression was
significantly higher in tumors with higher grades (T3–4)
than in tumors with lower grades (T1–2) (Fig. 6b).
Moreover, we found that ZAP deficiency was correlated

Fig. 2 M1 increases apoptosis in susceptible bladder cancer cells. a Flow cytometry and annexin V staining analyses of UM-UC-3 and EJ cells
treated with M1 (MOI = 1 PFU per cell) and mock control agents. b Numbers of apoptotic cells, as determined by flow cytometry at 24, 48, and 72 h
post-infection. c Chromatin condensation was demonstrated via Hoechst 33342 staining. T24 and UM-UC-3 cells were treated with M1 (MOI = 10 PFU
per cell) for 72 h. Chromatin condensation is indicated by the white arrows. d Caspase-3/7 activity in T24, UM-UC-3, and EJ cells treated with M1 (MOI
= 10 PFU per cell) for 48 h. e Western blots was performed to detect caspase-3 protein expression in the indicated cell lines at 0, 12, 24, and 48 h after
M1 (MOI = 10) infection. GAPDH glyceraldehyde-3-phosphate dehydrogenase, CTL control; hpi, hours post-infection. **p < 0.01; ***p < 0.001; N.S., not
significant
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with poor cumulative survival durations (Fig. 6c). In
summary, these results suggest that M1 has favorable
effects on advanced bladder cancer.

Discussion
Surgery and chemotherapy remain the only treatments

for MIBC; however, the post-surgery complication rate is
high (up to 20%)20. Such complications may delay or
preclude the use of adjuvant chemotherapy. CDDP is the
first-line chemotherapeutic agent used for the treatment
of advanced bladder cancer and is associated with an
overall response rate of 33%21. For elderly and frail
patients, especially patients who underwent radical
cystectomy, the full course of CDDP chemotherapy is
always difficult to endure. Oncolytic viral therapy has
recently been recognized as a promising new therapeutic
option for the treatment of cancer. In 2015, the U.S. Food
and Drug Administration (FDA) approved the first
oncolytic virus, Talimogene Laherparepvec (T-Vec, a
genetically modified herpes simplex virus-1), for the
treatment of malignancies22, this was a milestone of the
research of oncolytic virus for the treatment of cancer.
Our research demonstrated that the antitumor capacity of
M1 for MIBC surpasses that of CDDP. In addition, we
determined that low ZAP expression may be a biomarker

for the usefulness of M1 precision therapy and was noted
in 45.6% of 91 bladder cancer specimens. All of these
results indicated that M1 has potential as a new agent in
the treatment of advanced bladder cancer.
Thus far, only one oncolytic virus (Adenovirus CG0070)

has been introduced in clinical trials for bladder cancer.
The phase I trial showed that the intravesical delivery of
virus reached complete response rates for single- and
multi-dose regimens were 48.6% and 63.6%, respec-
tively23, indicating that the CG0070 may be a promising
agent in the treatment of nonmuscle-invasive bladder
cancer. Intravenous systemic delivery may be more
appropriate for MIBC. In our study, we delivered M1
intravenously and found that it exerted strong anticancer
effects on orthotopic bladder tumors. These data indicate
that M1 may be a good alternative treatment for bladder
cancer.
Our data show that the killing activity of M1 differs

among bladder cancer cell lines (Figure S1). Transcrip-
tional profile analysis revealed that ISGs seem to be
expressed at low levels in sensitive cancer cells compared
with refractory cells, indicating that weaker antiviral sig-
nals are associated with greater M1 therapeutic efficacy.
Consistent with these findings, previous studies have
shown that ISG deficiency contributes to the susceptibility

Fig. 3 Viral replication induces apoptosis in susceptible cancer cells. a, b Various bladder cancer cells were infected with GFP fluorescently
labeled M1 (MOI = 10) for 48 h, after which cell morphology and virus fluorescence were photographed. a Bladder cancer cell lines and normal cells.
b Primary cultured bladder cancer cells and primary normal cells. c Time course of the viral titers in four representative cell lines after M1 infection
(MOI = 10). Each color represents one cell line. d The indicated cell lines were infected with M1 (MOI = 10), and ZAP mRNA expression was quantified
by qRT-PCR at 4, 8, and 12 h post-infection. Relative gene expression levels were normalized to β-actin expression levels. e Western blots showing the
expression of the viral proteins E1 and NS3 in the indicated cell lines at 0, 12, 24, and 48 h after M1 infection (MOI = 10 PFU). GAPDH glyceraldehyde-
3-phosphate dehydrogenase. **p < 0.01; ***p < 0.001; N.S, not significant
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of cancer cells to oncolytic vesicular stomatitis virus24.
ZAP, an ISG evaluated in our previous and current study,
was found to be negatively correlated with the suscept-
ibility of hepatoma, colon cancer and bladder cancer cells
to M1 oncolytic therapy18. These correlations indicate
that M1 may be useful as a precision oncolytic virother-
apeutic agent. A companion diagnostic test measuring
ZAP protein levels, which can serve as a predictive bio-
marker of M1 therapy responsiveness, may help doctors

select those patients who are most likely to benefit from
M1 therapy.
Our findings regarding the effects of ZAP knockdown

or overexpression on M1 replication support the notion
that ZAP acts as an anti-M1 factor in bladder cancer and
are consistent with the findings of other studies regarding
the antiviral role of ZAP in hepatitis B virus, human
immunodeficiency virus-119,20, etc. Additionally, it is
important to note that gain of ZAP function in sensitive

Fig. 4 M1 sensitivity requires ZAP deficiency. a Trend clustering of the transcriptome profiles of the bladder cancer cell lines EJ, UM-UC-3, and T24.
The profiles were ordered based on the significance of the differences in the number of genes assigned versus expected. Profile 0 consisted of genes
whose expression was downregulated and significantly downregulated in three cell lines. The antiviral gene was in this profile. The number located
in the upper-left corner is the profile serial number, and the number located in the lower-left corner is the p-value. b An analysis of the transcriptome
data pertaining to the enrichment of the antiviral gene set was performed by evaluating gene expression levels in three different bladder cancer cell
lines (EJ, UM-UC-3, and T24). Hierarchical clustering analysis was performed, and the genes expressed most significantly in the three cell lines were
listed. c ZAP mRNA expression levels were detected in eight bladder cell lines and normalized to β-actin mRNA expression levels. d ZAP protein
expression levels of the same eight cell lines were measured. GAPDH was used as a loading control. e ZAP was silenced in two representative
resistant cancer cell lines (EJ and TCC) with siNC (negative control) and siZAP, and then the cells were infected with M1 (MOI = 10 PFU) for 48 h. Cell
viability was detected by MTT assay, viral replication levels were determined by TCID50 essay, viral RNA expression was quantified by qRT-PCR, and
viral protein expression was analyzed by western blotting. f ZAP was overexpressed in two representative sensitive cancer cell lines (T24 and UM-UC-
3) with GFP (negative control) and ZAP, and then the cells were treated with M1 (MOI = 10 PFU) for 48 h. Cell viability, viral yield, and viral RNA and
protein expression were evaluated as described above. Bar charts show the mean ± SD of three independent experiments. e, f All groups were
compared with their respective control groups. siNC negative-control siRNA, TCID50 median tissue culture infective dose. *p < 0.05; **p < 0.01; ***p <
0.001; N.S, not significant
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cells did not completely abrogate the losses in cell viability
induced by M1 therapy and that loss of ZAP function did
not induce a significant change in the killing efficacy of
M1. These data imply that deficiencies in ISGs other than
ZAP may also participate in rapid M1 replication in
sensitive bladder cancer cells and that multiple ISGs may
impede M1 invasion and infection in resistant cells. In this
study, we determined that ZAP may be a predictor of the
effectiveness of M1 oncolytic virotherapy. In the future,
we plan to determine if other ISGs are strongly correlated
with M1 antitumor activity and are thus useful as pre-
dictive biomarkers for the effectiveness of M1 precision
therapy.
We noted low ZAP expression in 45.6% of patients who

were believed to be suitable candidates for M1 oncolytic
therapy. It is worth noting that low ZAP expression was
common in clinically advanced MIBC (T3–4), indicating
that M1 virotherapy be widely applicable for the treat-
ment of advanced MIBC. Furthermore, we found that the
poor prognosis of bladder cancer was closely related to
ZAP deficiency, suggesting that low ZAP expression may
be useful as a predictor of disease progression, prognosis,
and survival in patients with advanced MIBC. Taken

together, these findings indicate that ZAP may function as
a tumor-suppressor gene affecting invasive bladder cancer
development and progression. Coincidently, it has been
reported that ZAP can promote tumor cell apoptosis in
hepatoma by degrading TRAILR4 protein25. Thus, the
exact role of ZAP deficiency in bladder cancer develop-
ment requires further investigation.
In conclusion, our study showed that the oncolytic

virus M1 selectively induces the apoptosis of bladder
cancer cells without harming normal cells. The killing
efficacy of M1 in bladder cancer cells is negatively cor-
related with ZAP expression, low expression of ZAP was
observed in 45.6% of clinical bladder cancer specimen.
Importantly, intravenous injections of M1 significantly
repress orthotopic-invasive bladder cancer growth and
greatly improve the survival of tumor-bearing mice—a
finding supported by our observation that the weights of
these mice did not change—to a greater extent than the
first-line chemotherapy agent cisplatin. The potent ther-
apeutic efficacy of M1 demonstrated herein, which is
based on ZAP selectivity, indicates that the agent has
promise as a precision therapy for bladder cancer, espe-
cially MIBC.

Fig. 5 M1 significantly reduces orthotopic bladder tumor sizes. Establishment of the orthotopic bladder cancer mouse model. Laparotomy and
bladder wall injections was used to establish the animal model. a We divided the animals into control, CDDP and M1 group (seven mice in each
group), treatment in each group: CDDP, intraperitoneally at 2 mg/kg two times daily; M1, intravenously at 8.7 × 107 PFU once daily for 8 days; and
control, sterile PBS intravenously once daily for 8 days. i.v. intravenous injection, i.p. intraperitoneal injection. b Tumors visible to the naked eye
formed 5–7 days after tumor inoculation. The image in the bottom-right corner is a high-magnification image of the image on the left. Arrow,
bladder tumor; arrowhead, normal bladder smooth muscle; star, filled bladder cavity. c At the end of the experiment, all the mice were anesthetized
and euthanized, and their tumor-bearing bladders were harvested and photographed. d The body weights of the tumor-bearing mice were
recorded. e The weights of the tumor-bearing bladders were measured and recorded. f Immunohistochemistry was performed to detect Ki-67 and
cleaved-caspase-3 expression. g Ki-67 and cleaved-caspase-3 expression levels in treated cells were compared with those in control cells, Relative
protein expression levels were quantified with Image-Pro Plus 6.0 (IPP 6.0, Media Cybernetics, Rockville, MD). CTL control. h Timeline of experiment
setup for i. Kaplan–Meier survival curve of mice bearing UM-UC-3 orthotopic tumors treated with PBS, CDDP, and M1 virus. Log‐rank with Holm–Sidak
multiple comparison. *p < 0.05; **p < 0.01; ***p < 0.001
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Materials and methods
Cell preparation and reagents
The cell lines used herein were purchased from the

American Type Culture Collection and the Shanghai
Institute of Cell Biology. The cells were cultured in Dul-
becco’s modified Eagle’s medium (Gibco Life Technolo-
gies) supplemented with 10% (vol/vol) fetal bovine serum
and 1% penicillin/streptomycin (Life Technologies) at 37 °
C in a humidified 5% CO2 atmosphere.

Primary cultured bladder cancer cells were isolated
from surgical tumor tissue samples obtained from con-
senting patients who underwent radical cystectomy. The
human studies performed herein were approved by the
Institutional Review Board of the Third Affiliated Hospital
of Sun Yat-sen University. After extracorporealizing the
bladder, we transferred the tumor tissues to a sterilized
table, after which we dissociated primary bladder cancer
cells from the body of the tumor using 0.1% trypsin,

Table 1 Clinicopathological characteristics of patient samples and expression of ZAP in bladder cancer patients and
correlation between ZAP expression and Clinicopathological characteristics of bladder cancer patients

Characteristics Total (n=90) ZAP expression Chi-square test p-value

Low expression (45.6%) Normal expression (54.4%)

Gender Female 14 5 (35.7%) 9 (64.3%) 0.421

Male 76 36 (47.4%) 40 (52.6%)

Age (years) ≤70 48 21 (43.8%) 27 (56.2%) 0.7131

>70 42 20 (47.6%) 22 (52.4%)

Anatomic stage 0is 5 1 (20.0%) 4 (80.0%) 0.0037

I 6 1 (16.7%) 5 (83.3%)

II 24 5 (20.8%) 19 (79.2%)

III 37 24 (64.9%) 13 (35.1%)

IV 18 10 (55.6%) 8 (44.4%)

T classification Tis 5 1 (20.0%) 4 (80.0%) 0.0024

T1 9 1 (11.1%) 8 (88.9%)

T2 24 6 (25.0%) 18 (75.0%)

T3 43 27 (62.8%) 16 (37.2%)

T4 9 6 (66.7%) 3 (33.3%)

Node invasion No 72 31 (43.1%) 41 (56.9%) 0.3409

Yes 18 10 (55.6%) 8 (44.4%)

Fig. 6 TMA analysis was performed to investigate the relationship between ZAP deficiency and tumor grade. a ZAP expression was detected
by TMA analysis of clinical bladder cancer specimens. b Analysis of the relationship between ZAP expression and tumor stages revealed that ZAP
deficiency was highly prevalent in advanced tumors. c Cumulative survival analysis indicated that ZAP deficiency was correlated with short overall
survival

Hu et al. Cell Death and Disease  (2018) 9:274 Page 8 of 10

Official journal of the Cell Death Differentiation Association



bladder tumor was diagnosed as urothelial carcinoma
pathologically.
CDDP (S1166; 10 mg/ml, dissolved in dimethylforma-

mide in vitro; 3 mg/ml dissolved in normal saline in vivo)
was obtained from SelleckChemicals (Houston, TX).

Virus storage
The M1 and GFP-labeled M1 used in this study were

grown in Vero cells (OPTI- SFM, 12309-019, Thermo
Fisher, Waltham, MA). Viral titers in BHK-21 cells were
determined via TCID50 assay and converted to PFUs.

Cell viability assay
Cells in the exponential growth phase were seeded in

24-well plates in 0.2 ml of media per well at a density of
30,000 cells per well. After 12 h, M1 (MOI= 10 PFU per
cell) and CDDP (10 μM) were added to the wells, as
described in the legends. Forty-eight hours later, cell
metabolic activity was determined by MTT assay and
converted into cell viability, the method was noted in the
previous study26.

Quantitative reverse transcription polymerase chain
reaction
RNA was extracted using TRIzol reagent (Life Tech-

nologies), and reverse transcription was performed with 3
μg of total RNA using oligo(dT) and RevertAid Reverse
Transcriptase (Thermo Scientific), according to the
manufacturer’s instructions. Gene amplification was per-
formed with SuperReal PreMix SYBR Green (TIANGEN)
using an Applied Biosystems 7500 Fast Real-Time PCR
System (Life Technologies), and the expression levels of
all the genes were normalized to those of β-actin. Primers
for each exon region of ZAP, NS1, and β-actin have been
reported26.

Orthotopic animal model
The animal studies performed herein were approved by

the Animal Ethics and Welfare Committee of Sun Yat-sen
University. Four-to 5-week-old female BALB/c-nu/nu
mice were obtained and maintained in groups of five in
cages and allowed access to water and food ad libitum.
General anesthetic was induced in the mice with inhaled

isoflurane (3% for induction, 1–2% for maintenance) and
maintained via nosecone. Sterile ophthalmic ointment
was applied to the animal’s eyes, and a heat pad was used
to maintain body heat. The animals were placed in the
supine position, the abdominal wall of each mouse was
sterilized with chlorhexidine, a low longitudinal lapar-
otomy incision was placed, and the urinary bladder was
extracorporalized. In all, 50-μl suspension of freshly har-
vested UM-UC-3 cells (2.5× 106 cells) was inoculated
directly into the emptied bladder wall using a 30G needle.
The incision was then closed with absorbable suture, and

the catheter was removed. The mice were subsequently
randomized into the three groups, treatment regime is
described in the legend.

Immunohistochemistry assay
After the animals were euthanized and their tumor-

bearing bladders were harvested, we measured cleaved-
caspase-3 (9664s, Cell Signaling Technology) and Ki-67
(9449s, Cell Signaling Technology) expression levels in
the tumors, the detailed method have been published
elsewhere26.

Tissue microarray (TMA)
The TMAs used herein were purchased from Alenabio

Biotech Co., Ltd and Shanghai Biochip Co., Ltd. Complete
patient clinical data (TNM staging, overall survival, and
pathology results) were provided with all tissue chips. The
detailed information have been reported26.

Statistical analysis
All statistical analyses were performed using SPSS

13.0 software (SPSS, IBM, Armonk, NY). Most compar-
isons were performed using Student’s t-test or one-way
analysis of variance followed by Dunnett’s multiple post
hoc test. Unless otherwise indicated, all the error bars
indicate SDs. Bar charts show the mean± SD of three
independent experiments, unless otherwise indicated.
Pearson correlation coefficient was used to calculate sta-
tistical dependence. A p-value below 0.05 was considered
significant.

Acknowledgements
This work was funded by the Medical Scientific Research Foundation of
Guangdong Province (no. A2016435), the Specific Project of Science and
Technology of Guangzhou (no. 201607010396), the Natural Science
Foundation of Guangdong Province (no. 2017A030313620), and Public Welfare
Research and Capacity Building Fund of Guangdong (no. 2016A020218006).

Author details
1Department of Urology, The Third Affiliated Hospital of Sun Yat-sen University,
Guangzhou, Guangdong, China. 2Department of Infectious Diseases, The Third
Affiliated Hospital of Sun Yat-sen University, Guangzhou, Guangdong, China.
3Department of Pharmacology, Sun Yat-sen University, Guangzhou, China.
4Department of Urology, The Sixth Affiliated Hospital of Sun Yat-sen University,
Guangzhou, Guangdong, China. 5Collaborative Innovation Center for Cancer
Medicine, Guangzhou, China

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher's note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Supplementary Information accompanies this paper at (https://doi.org/
10.1038/s41419-018-0325-3).

Received: 1 November 2017 Revised: 16 January 2018 Accepted: 17
January 2018

Hu et al. Cell Death and Disease  (2018) 9:274 Page 9 of 10

Official journal of the Cell Death Differentiation Association

https://doi.org/10.1038/s41419-018-0325-3
https://doi.org/10.1038/s41419-018-0325-3


References
1. Siegel, R. L., Miller, K. D. & Jemal, A. Cancer statistics, 2016. Ca. Cancer J. Clin. 66,

7–30 (2016).
2. Cote, R. J. & Datar, R. H. Therapeutic approaches to bladder cancer: identifying

targets and mechanisms. Crit. Rev. Oncol. Hematol. 46, Suppl: S67–Suppl: S83
(2003).

3. Chen W. et al. Cancer statistics in China, 2015. CA Cancer J Clin. 66, 115–132
(2016).

4. Boyle, H., Flechon, A. & Droz, J. P. Treatment of uncommon malignant
tumours of the bladder. Curr. Opin. Urol. 21, 309–314 (2011).

5. Stein, J. P. et al. Radical cystectomy in the treatment of invasive bladder
cancer: long-term results in 1,054 patients. J. Clin. Oncol. 19, 666–675 (2001).

6. Ismaili, N., Amzerin, M. & Flechon, A. Chemotherapy in advanced bladder
cancer: current status and future. J. Hematol. Oncol. 4, 35 (2011).

7. Loehrer, P. J. Sr. et al. A randomized comparison of cisplatin alone or in
combination with methotrexate, vinblastine, and doxorubicin in patients with
metastatic urothelial carcinoma: a cooperative group study. J. Clin. Oncol. 10,
1066–1073 (1992).

8. Scher, H. I. A randomized comparison of cisplatin alone or in combination
with methotrexate, vinblastine, and doxorubicin in patients with metastatic
urothelial carcinoma: a cooperative group study. J. Urol. 148, 1625–1626
(1992).

9. Abdollah, F. et al. Incidence, survival and mortality rates of stage-specific
bladder cancer in United States: a trend analysis. Cancer Epidemiol. 37,
219–225 (2013).

10. Witjes, J. A. Bladder cancer in 2015: improving indication, technique and
outcome of radical cystectomy. Nat. Rev. Urol. 13, 74–76 (2016).

11. Zehnder, P. et al. Unaltered oncological outcomes of radical cystectomy with
extended lymphadenectomy over three decades. BJU. Int. 112, E51–E58
(2013).

12. Fukuhara, H., Ino, Y. & Todo, T. Oncolytic virus therapy: a new era of cancer
treatment at dawn. Cancer Sci. 107, 1373–1379 (2016).

13. Sze, D. Y., Reid, T. R. & Rose, S. C. Oncolytic virotherapy. J. Vasc. Interv. Radiol. 24,
1115–1122 (2013).

14. Drake, C. G., Lipson, E. J. & Brahmer, J. R. Breathing new life into immu-
notherapy: review of melanoma, lung and kidney cancer. Nat. Rev. Clin. Oncol.
11, 24–37 (2014).

15. Kaufman, H. L., Kohlhapp, F. J. & Zloza, A. Oncolytic viruses: a new class of
immunotherapy drugs. Nat. Rev. Drug. Discov. 14, 642–662 (2015).

16. Hu, J., Cai, X. F. & Yan, G. Alphavirus M1 induces apoptosis of malignant glioma
cells via downregulation and nucleolar translocation of p21WAF1/CIP1 pro-
tein. Cell Cycle 8, 3328–3339 (2009).

17. Wen, J. S. et al. Genomic analysis of a Chinese isolate of Getah-like virus and its
phylogenetic relationship with other Alphaviruses. Virus Genes. 35, 597–603
(2007).

18. Lin, Y. et al. Identification and characterization of alphavirus M1 as a selective
oncolytic virus targeting ZAP-defective human cancers. Proc. Natl. Acad. Sci.
USA 111, E4504–E4512 (2014).

19. Zhang, H. et al. Naturally existing oncolytic virus M1 is nonpathogenic for the
nonhuman primates after multiple rounds of repeated intravenous injections.
Hum. Gene. Ther. 27, 700–711 (2016).

20. Fuentes, J. et al. Review of a series of cystectomies in women for bladder
cancer: complications and quality of life. Arch. Esp. Urol. 67, 303–312 (2014).

21. Grossman, H. B. et al. Neoadjuvant chemotherapy plus cystectomy compared
with cystectomy alone for locally advanced bladder cancer. N. Engl. J. Med.
349, 859–866 (2003).

22. Johnson, D. B., Puzanov, I. & Kelley, M. C. Talimogene laherparepvec (T-VEC) for
the treatment of advanced melanoma. Immunotherapy 7, 611–619 (2015).

23. Burke, J. M. et al. A first in human phase 1 study of CG0070, a GM-CSF
expressing oncolytic adenovirus, for the treatment of nonmuscle invasive
bladder cancer. J. Urol. 188, 2391–2397 (2012).

24. Stojdl, D. F. et al. VSV strains with defects in their ability to shutdown innate
immunity are potent systemic anti-cancer agents. Cancer Cell. 4, 263–275
(2003).

25. Todorova, T., Bock, F. J. & Chang, P. PARP13 regulates cellular mRNA post-
transcriptionally and functions as a pro-apoptotic factor by destabilizing
TRAILR4 transcript. Nat. Commun. 5, 5362 (2014).

26. Ying, L. et al. Interferon alpha antagonizes the anti-hepatoma activity of the
oncolytic virus M1 by stimulating anti-viral immunity. Oncotarget 8,
24694–24705 (2017).

Hu et al. Cell Death and Disease  (2018) 9:274 Page 10 of 10

Official journal of the Cell Death Differentiation Association


	Intravenous injections of the oncolytic virus M1 as a novel therapy for muscle-invasive bladder cancer
	Introduction
	Results
	M1�selectively kills bladder cancer cells but not normal cells
	M1 induces apoptosis in bladder cancer cells
	M1 replicates rapidly after infecting sensitive cancer cells but not resistant cancer cells
	ZAP deficiency partly contributes to M1 viral replication in sensitive cancer cells
	M1�significantly represses orthotopic invasive bladder tumors
	Relationship between tumor grade and ZAP deficiency

	Discussion
	Materials and methods
	Cell preparation and reagents
	Virus storage
	Cell viability assay
	Quantitative reverse transcription polymerase chain reaction
	Orthotopic animal model
	Immunohistochemistry assay
	Tissue microarray (TMA)
	Statistical analysis

	ACKNOWLEDGMENTS




